We present new Hubble Space Telescope (HST ) continuum and spectral line images of the radio galaxy Cygnus A. The images show much complex structure in the central kpc 2 .
I N T R O D U C T I O N
Cygnus A has been the prototypical radio galaxy for over 40 years and only now is its basic structure becoming clear. A review of developments before 1996 is given by Carilli & Barthel (1996) .
The object is a strong radio source, consisting of two bright radio lobes, separated by 160 kpc 1 and arranged symmetrically about a radio core which provides the energizing jets. In the central few kpc is found a region of irregular optical line and continuum emission superimposed on the red galaxy light. This emission has a double (NW-SE) structure; the north-western component emits proportionately more line emission than the south-eastern component. A weaker central condensation is seen between the two major components on HST and high-resolution ground-based images. Accurate positioning of the radio core with respect to the astrometric frame of the HST image is not easy, but the radio jet appears coincident with a gap in the eastern component.
Many authors (e.g. Barthel 1989 ) have suggested that every powerful radio galaxy in fact contains a quasar nucleus, hidden from direct view by obscuring material, arranged in a flattened distribution, along the line of sight. Oblique views of the hidden quasar may be obtained by scattering of light from the central region into our line of sight by dust or electrons outside the plane of the obscuring material. This model predicts that the light so scattered should be polarized and have the spectrum of the hidden quasar, including broad lines. Cygnus A has long been classified as a radio galaxy, due to its predominantly narrow-line optical spectrum, but there has long been speculation that at least some of the off-nuclear continuum is scattered nuclear light (Pierce & Stockton 1986; Tadhunter, Scarrott & Rolph 1990) . There is now considerable evidence for a hidden nucleus and that this nucleus is that of a quasar. First, broad lines have been seen in the ultraviolet region of the spectrum (Antonucci, Hurt & Kinney 1994) . Second, after a long and fruitless search for polarized broad lines (Goodrich & Miller 1989; Jackson & Tadhunter 1993 ), a high-sensitivity investigation with the Keck II telescope (Ogle et al. 1997 ) has succeeded in detecting them. Both these results suggest that light from the central regions is scattered into our line of sight by dust or electrons outside the plane of the obscuring material. Ogle et al. estimate that this scattered light contributes about 15 per cent to the total light from the central regions at 5500 Å , although this fraction increases at shorter wavelength. The luminosity of the quasar can be estimated and appears to be at the low end of the quasar luminosity range, in agreement with earlier estimates (Tadhunter et al. 1990) . Further evidence for a hidden quasar comes from the inferred presence of an absorbed power-law component in X-rays (Ueno et al. 1994) .
However, there is some evidence that other factors contribute to the narrow-line spectrum. Stockton, Ridgway & Lilly (1994) and Tadhunter, Metz & Robinson (1994) have studied the extended ϳ5-kpc-wide region which emits the narrow lines, and find a number of line ratios which cannot be simply explained by assuming that they are photoionized by a hidden nucleus. The most puzzling problem is the unusual strength and morphology of [N ii] , which is difficult to reproduce by any simple model which assumes solar abundance. Tadhunter et al. (1994) suggest that there may be some contribution to the gas excitation from a distributed ionization source, and that autoionizing shocks such as those investigated by Sutherland, Bicknell & Dopita (1993) may be present. Such shocks may be driven by the radio jet's passage through the line-emitting regions. Other quantities, such as the [O iii]/[O i] ratio, are easier to reconcile with the hidden-quasar model. This ratio increases towards the centre of the cone, consistent with anisotropic escape of ionizing photons bounded by the putative torus.
The properties of the nuclear regions of Cygnus A may also be influenced by the environment of the cluster in which it lies, which may also account for the unusual strength of the radio emission (Barthel & Arnaud 1996) . In this cluster, a cooling flow is inferred to exist from X-ray observations (e.g. Arnaud et al. 1984; Reynolds & Fabian 1996) , with mass deposition rates of up to 250 M ᭪ yr
¹1
. An obvious sink for this mass deposition is star formation, evidence for which may be sought in the optical continuum emission.
In this paper we investigate several areas. First, we use the highresolution images to constrain the geometry of the system. In particular, we argue that the structures we see in the lower-ionization-line images allow quite detailed statements to be made about the geometry of the anisotropic escape of photons from the centre. We present new astrometry and attempt to place the radio core accurately with respect to the optical image. Further constraints are presented on blue, compact star-forming regions within the central region and on the mechanisms which produce the optical continuum emission. Finally, we discuss the emission-line ratios seen in our images in an attempt to disentangle the effects of reddening and photoionization. Table 1 summarizes the HST observations. All observations were taken using the Wide Field and Planetary Camera II, which was installed in 1993 December during the first HST servicing mission and which corrects for the spherical aberration of the optical system. The continuum images were taken using the standard broad-band filters. In this programme the filters F336W and F814W were used, and images were extracted from the archive for the filters F450W and F622W (in each case the number refers to the approximate central wavelength of the filter in nm). Discussion of the F450W and F622W images is presented briefly by Lynds et al. (1994) . All continuum images were recorded by the Planetary Camera (PC) chip, which has a pixel scale of 0.0455 arcsec, and have been background-subtracted using average values of background emission away from the galaxy.
H S T O B S E RVAT I O N S
Line images were obtained using the Linear Ramp Filters (LRFs). These filters produce an image whose central wavelength depends on position on the chip, and the field of view at any given wavelength is relatively small, though enough to encompass the central regions of Cygnus A. Images of Ha were obtained on the PC chip. These images are likely to contain strong contamination from [N ii]. All other line images were obtained on one of the three Wide Field (WF) chips, which have a pixel scale of ϳ0:996 arcsec.
Flat-fielding was performed for the LRF images using flat-fields supplied by STScI.
2 Cosmic rays were rejected by combining the images using the task crrej in the stsdas package, distributed by STScI within the noao iraf software. All images were rotated using the orientat keyword in the FITS header of the data file. They were then registered to each other using the nrao aips package by fitting to the maximum of the light distribution (using the maxfit task) of a star 0Љ : 8 E, 4Љ : 5 S of the central condensation of Cygnus A (except for the 336-nm image in which the star is not visible at sufficient signal-tonoise ratio: in this case the image was aligned by eye to put the 132 N. Jackson, C. Tadhunter and W. B features of Cygnus A in the right places). Detailed description of the adjustment of the HST frame to the radio frame is given in subsequent sections. Flux calibration of each frame was performed using the photflam keyword in the header of each file. The process of continuum subtraction of the line images then followed. This is complicated by the fact that the continuum images themselves are significantly contaminated by emission lines. Table  2 gives a summary of the continuum filters used and the extent to which they are contaminated by each line. The F555W image (Jackson et al. 1996) was not used, as it is contaminated by the very strong [O iii] line at essentially 100 per cent transmission.
Pure continuum images were extracted from the broad-band images using the relationship
where I C represents the corrected flux, and I CO the flux in the continuum image. For each line, f L represents the fractional sensitivity of the filter to the line, tabulated above; B LO and B CO represent the bandwidths of the narrow-band and broad-band filters, which are tabulated by STScI (Burrows et al. 1997) ; and I LO represents the flux measured in the narrow-band image. Not all lines have available narrow-band images. In these cases we extrapolated from lines for which we did have images, using flux ratios given by Osterbrock & Miller (1975) and Osterbrock (1983) The signal-to-noise ratio is variable. In particular, because of the relatively low transmission in the blue and the low galactic latitude of Cygnus A (6Њ), the 336-nm image is of very low signalto-noise ratio. The observation u30x0204t was not used in the composition of the Ha image due to the presence of a large, grazing-incidence cosmic ray in much of the nuclear region.
D I S C U S S I O N

Nature and centre of the cone
The position of the radio nucleus has in the past not been obvious. Vestergaard & Barthel (1993) obtained ground-based astrometry for their study of Cygnus A with the Nordic Optical Telescope. It has not hitherto been possible, however, to achieve an accurate alignment of the HST and radio frames to better than the 0.5 arcsec achieved by Jackson et al. (1996) . More accurate alignment requires either an unlikely coincidence such as a nearby Hipparcos star, or further observations. Accordingly, astrometry has been obtained of nearby stars with the Carlsberg Automatic Meridian Circle on La Palma by the CAMC team. The positions are given in Table 3 .
Astrometry has been attempted based on star B from Table 3 , which normally lies on the same chip as the Cygnus A image. A Gaussian has been fitted to each HST image wherever the image of the star is unsaturated and where the star falls well within the chip. This was possible for four images; those of Fig. 3 we show the resulting astrometry with the nominal position of the radio core with respect to the optical structure. The crosses represent the nominal 70-mas error of the CAMC astrometry. However, it is obvious from the figure that there is an additional contribution of approximately the same order from the scaling and offsetting on the HST chips. (It should be pointed out, however, that in no case have we extrapolated from the star on one chip to the object on another.)
At the very least, these results make it clear that the radio nucleus lies within the central condensation in the optical structure. There is a hint that it may lie just to the south-west of the peak of the optical emission, although the peak lies within the formal error box.
The results of Ogle et al. (1997) have made it clear that there is a substantial contribution to the continuum light from photons escaping anisotropically from the central quasar nucleus.
᭧ 1998 RAS, MNRAS 301, 131-141 Table 2 . Contaminating lines present in the four continuum images. Each line is given with its rest wavelength and the nominal fractional sensitivity of the filter at the wavelength to which it is carried by Cygnus A's redshift. The sensitivities were estimated from the filter curves published by STScI (Burrows et al. 1997 Accordingly, it comes as little surprise that our Ha image (Fig. 2) shows line emission concentrated in the region of solid angle close to the radio jet. As well as the north-western component, there is considerable filamentary emission. The whole is bounded by a relatively bright outline of approximately paraboloidal shape. There are also areas where little emission is seen, but it has already been argued that there is patchy dust obscuration scattered throughout the central region, based on ground-based imaging (Shaw & Tadhunter 1994; Stockton et al. 1994; Jackson et al. 1996) . In the simplest versions of the 'unified schemes' of radio galaxies and quasars, which the HST and Keck spectroscopy and polarimetry results suggest apply to Cygnus A, radio galaxies contain a hidden quasar nucleus and the photons escape in regions not blocked by the torus. This results in a cone-like distribution of line emission, which is in fact seen in a small number of objects. The most convincing examples of this are to be found in Seyfert galaxies such as NGC 5252 (Tsvetanov & Tadhunter 1989 ) and NGC 5728 (Wilson et al. 1993 ). However, the presence of a cone-like distribution in Cygnus A is controversial. Stockton et al. (1994) regard the morphology as being in essence a 'mini-spiral' based on their ground-based images, the structure being due mostly to star formation. We argue later that star formation is indeed present. However, there are two reasons that lead us to believe that we are seeing an 'ionization cone'. The first is the polarization work of Ogle et al. (1997) . The second is that the Ha image shows both edges of the alleged 'cone' quite clearly (Fig. 2) despite some dust in the vicinity. However, the shape is not quite conical; the boundaries appear instead to be roughly paraboloidal. Fig. 4 shows the [O i] image, with the boundaries of the paraboloidal cone-edge drawn in. The position angle of the radio jet is also shown.
Why, in Cygnus A, do we appear to be seeing a cone opening angle that decreases with radius? One possible explanation is that, rather than resembling a brick wall, the edge of the torus is not sharp but has a column density that increases relatively gradually with 134 N. Jackson, C. Tadhunter and W. B angle away from the radio jet. This, combined with r ¹2 fall-off, means that the density of ionizing photons will fall below any particular critical level along a locus that is not a straight line. The inside of the cone would be expected to be relatively brighter than the edges, and this is not the case. However, the continuum images reveal the presence of considerable extinction in front of the cone, which blocks out much of the region between the nucleus and the north-western component. 
The continuum images
The three continuum images reveal a large amount of detailed structure (Fig. 1) . There appear to be three major components: the old galaxy component, blue compact condensations and more extended blue regions. These will be discussed in turn.
The old galaxy component
The host galaxy is clearly visible, outside the small region covered by Fig. 1 , as a smooth, elliptical brightness distribution with a semimajor axis at PAϳ ¹ 20Њ. In order to fit the galaxy, we have taken the 450-, 622-and 814-nm images as a starting point. These have been cleaned of stars and low-level cosmic rays by hand using the CLEAN program in FIGARO. The galaxy has then been subtracted using the IMSURFIT package in IRAF, taking in each case the fit region as the region outside a circle of radius 1.5 arcsec from the centre of the galaxy. This has the effect of interpolating into the central regions without the fit being affected by the components associated with the active nucleus and line emission at the centre. The order of the spline has been adjusted until visual inspection reveals a satisfactory fit without the introduction of obvious artefacts or residuals. A ninth-order spline was generally required to fit all areas of the image satisfactorily. A cut along the major axis of the resulting galaxy fit shows a light distribution that is flat with radius until about 1.1 arcsec from the nucleus, and then drops off at a rate of about 3.5 mag arcsec ¹2 arcsec ¹1=4 , similar to the profile found by Stockton et al. (1994, their fig. 4 ). The major axis of the fit within the central regions is along PAϳ140Њ, although visual inspection of the more distant isophotes (> 2 arcsec) shows a position angle close to the Stockton et al. value of 166Њ. The reason is likely to be that some residual components beyond 1.5 arcsec and associated with the active galaxy may affect the fit slightly. After subtraction of the galaxy fit, the flux in the central region (about 2 arcsec) of each image has then been examined.
The raw flux densities in the central regions in these models of the galaxy are about 2.2, 3.2 and 3:4 × 10 ¹17 erg cm ¹2 s ¹1 Å ¹1 per square arcsecond in the 450-, 622-and 814-nm bands respectively. Correcting for the reddening of E(B¹V)Ӎ0.4 in our own Galaxy (e.g. Spinrad & Stauffer 1982; Shaw & Tadhunter 1994 ) gives a ratio of 1:1.3:1.1 in F l between these three wavelengths. By comparison with the spectral synthesis models of Bruzual & Charlot (1993) , this can be seen to agree well with the expected colours of a 5-10 Gyr-old stellar population. This provides additional confirmation of the photometry together with existing reddening determinations.
Blue compact condensations: star formation?
It is clear from comparisons of the continuum images in Fig. 1 the bluest regions are concentrated in three places: in part of the north-western component, very close to where the radio jet goes through it (cf. Jackson et al. 1996) , within the south-eastern component, and to the north of the main structure. Lynds et al. (1994) , Stockton et al. (1994) and Jackson et al. (1996) have all suggested that we are here seeing regions of star formation. The condensations are reminiscent of the young star clusters seen in the nearby active galaxy NGC 1275 (Holtzman et al. 1992 ).
In Fig. 5 some of the main compact blue regions are identified. Regions 2-5 are completely within the south-eastern component and have sizes of ϳ0:1 arcsec. Three other condensations, 6, 7 and 8, lie just to the north of the main structure. The emission in the north-western component is more homogeneous and covers a larger area. In this section we consider three alternative mechanisms for producing these compact blue regions: nebular continuum (e.g. Dickson et al. 1995) , scattered light from the hidden nucleus (Ogle et al. 1997 ) and, finally, star formation.
It is likely that some nebular continuum is in fact present (Dickson 1997; Ogle et al. 1997) . However, for typical physical conditions, the equivalent width of Hb over nebular continuum is ϳ2000 Å (see the case of PKS 2250¹41 discussed by Dickson et al. 1995) . Assuming the observed Ha/Hb to be 4, this suggests that a blue condensation of continuum flux density ϳ3 × 10 ¹19 erg cm ¹2 s ¹1 Å ¹1 should produce about 2× 10 ¹15 erg cm ¹2 s ¹1 in line flux. The Ha image is slightly difficult to measure, as emission from the blue condensations sits on a plateau of more general emission within the south-eastern component (and because it is contaminated by [N ii] emission), but is probably about a factor of 3 lower than this. In condensation 8, which lies away from the main emitting regions and is therefore easy to measure, the deficit in Ha photons is a factor of 10 and may be due to residual continuum contamination of the emission-line image. We therefore conclude that, while nebular continuum may be contributing, the total contribution to the blue condensations is likely to be about 10 per cent. This is also the conclusion reached independently by Ogle et al. (1997) from detailed fitting of their spectropolarimetric data.
Scattered light is also a possibility for the blue condensations. One may speculate that they represent clumps of scattering material in the beam of the hidden quasar. Again, however, one would expect gas to be associated with the dust, and therefore one would expect emission lines. Since the blue condensations form a substantial part of the south-eastern component, it would then be very difficult to explain the significantly lower emission line equivalent width in the south-eastern component than in the north-western component (e.g. van den Bergh 1976).
We now consider the possibility of star formation. It has been proposed for some time that stars could be formed within galaxies which, like Cygnus A, lie at the centre of a cooling flow cluster (Fabian, Nulsen & Canizares 1982; Reynolds & Fabian 1996) . Imaging and spectroscopy of a number of central cluster galaxies has recently supported the interpretation that stars are formed directly as mass drops out of the cooling flow (Cardiel, Gorgas & Aragon-Salamanca 1995; Melnick, Gopal-Krishna & Terlevich 1997; Smith et al. 1997 ). In the nearby cD galaxy Hydra A, Balmer absorption lines corotating with the gas in a circumnuclear disc have been found (Melnick et al. 1997) , suggesting formation of O-B stars near the centre. Melnick et al. suggest a cooling flow as the origin of the star formation, arguing that the colours of the stars suggest that any merger must have occurred less than 10 Myr ago.
It is also possible, however, that the star formation is induced by merger (e.g. Fritze-von Alvensleben & Gerhard 1994) , and this may be particularly true in the case of relatively isolated radio galaxies (Tadhunter, Dickson & Shaw 1996) . Holtzman et al. (1992) have argued that NGC 1275, which has similar compact regions of blue light, contains stars which have formed as a result of a merger, and that the merger origin is supported by the lack of dispersion in the colours of the blue condensations -implying that they formed at the same time.
The continuum energy distribution of each of the compact blue regions in Cygnus A is shown in Fig. 6 , together with predictions of colours for stellar populations of various ages from an initial starburst (Bruzual & Charlot 1993) . The colours of the regions have been corrected for reddening of E(B¹V) ¼ 0:4. The 100-Myr line drawn in the figure assumes that the star formation has a long characteristic time-scale (>3 Gyr); instantaneous burst models give much flatter predicted spectra unless t Յ 10 Myr. From the figure it can be seen that, if the compact blue regions are the result of starburst activity, it must have happened much less than 1 Gyr ago and possibly as little as a few Myr ago. If the reddening in these regions is greater than E(B¹V) ¼ 0:4, the limit becomes even more stringent. The sum of the flux densities in regions 1-6 is about 3×10 ¹18 erg cm ¹2 s ¹1 Å ¹1 , corresponding to about 3×10 7 L ᭪ . This probably does not represent all the luminosity associated with each episode of star formation, which is expected to last ϳ10 7 yr (Heckman, Armus & Miley 1990) at a star formation rate of ϳ100 M ᭪ yr ¹1 (e.g. Colina & Pérez-Olea 1992) . The compact blue regions are not clearly seen on the emissionline images. This is unlikely to be a sampling, signal-to-noise ratio or resolution effect, as they are barely visible on the Ha image, which is very similar to the 622-nm image in terms of resolution.
How can this be related to the models of star formation? The lack of detailed correspondence with the radio jet, seen also in some high-redshift radio galaxies (Best, Longair & Röttgering 1996) , suggests that this star formation is not induced by the radio jet directly. The direct cause is likely to be shocks; these may propagate outward after the passage of the radio jet or be associated with an ongoing merger event. Stockton et al. (1994) argue for the latter. In the case of Cygnus A, however, there is also evidence for a cooling flow (Reynolds & Fabian 1996) as well as evidence for dense environments such as that provided by a Faraday rotation measure of Ն1000 rad m ¹2 , which is similar to that observed in Hydra A. This may provide the gas for the star formation. There is, however, a relatively low dispersion in age between the blue condensations (Fig. 6) , which could suggest a merger origin.
Extended blue regions: scattered light
In addition to the compact blue regions seen in and around the south-eastern component, more diffuse blue regions are seen in both major optical components in the centre of Cygnus A. The more extended regions dominate the light from the north-western component and form a low-level background in the south-eastern component to the blue condensations discussed in the last section.
The results of Ogle et al. (1997) leave little doubt that this extended continuum is due to scattered quasar light. The models resulting from spectropolarimetry suggest that ϳ60, ϳ40 and ϳ20 per cent of the light at 450, 622 and 814 nm, respectively, is due to this component (which agrees well with the value of ϳ60 per cent near Hb deduced by Osterbrock 1983) . We have used the AIPS routine TVSTAT to integrate the light in each of the continuum images (see the last section for details) along the slit used by Ogle et al. (1997, their fig. 2 ). An estimate of the background old-galaxy component has then been subtracted, taken using an average in the regions just outside the central condensations. Of the backgroundsubtracted light, the region in the north-western component contributes about 30, 25 and 20 per cent in the 450-, 622-nm and 814-nm images, respectively. Although much of the polarized, scattered continuum arises in the north-western component, a significant amount must also lie in the south-eastern component. This is in accordance with the finding of Ogle et al. that the south-eastern component contains significant polarized continuum emission.
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Ionization and reddening
Amount of extinction
Many studies have previously attempted to quantify the reddening which occurs between us and the optically emitting components in Cygnus A. There are two parts to the reddening: a considerable foreground Galactic contribution (Cygnus A lies at b ¼ 6Њ), together with extinction within the Cygnus A host galaxy. The subject is reviewed by Shaw & Tadhunter (1994) and , based on earlier work and their own spectroscopy and that by Stockton et al. (1994) . The likely situation is that the foreground reddening is approximately equal to E(B¹V) ¼ 0:36 (e.g. Spinrad & Stauffer 1982) , and that additional reddening within Cygnus A occurs. The maximum total reddening inferred from Hb/ Hg ratios ) is E(B¹V) ¼ 1, although the average total reddening over the central regions is E(B¹V)ϳ0.7. The continuum images (Fig. 2) , however, make it plain that the reddening is extremely patchy and is probably considerably greater than E(B¹V) ¼ 1 in the centre of the obscured area just to the northwest of the nucleus.
We have used the galaxy-subtraction procedure outlined earlier to estimate the quantity of dust present. The 'extinction', in magnitudes, has been calculated from the ratio of the flux observed in the raw frames to the interpolated flux in the galaxy. The results are shown in Fig. 7 . Note that the 'extinction' is negative where continuum emission from regions associated with the nuclear activity is present. Pixel-by-pixel plots of inferred extinction at different wavelengths show a good correlation, with systematically higher extinction at shorter wavelengths. For extinction in our own Galaxy (e.g. Howarth 1983 ), A 814 ϳ 1:79E(B¹V), A 622 ϳ 2:65 E(B¹V) and A 450 ϳ 3:9E(B¹V). The observed reddening ratios seen in Cygnus A are consistent with the Galactic ratio.
The implied E(B¹V) varies with position, but reaches a maximum of about 0.5. This is a lower limit on the obscuration, as it assumes that the only emission taking place along this line of sight comes from the smooth galaxy component. It represents only the obscuration intrinsic to Cygnus A, as any obscuration in our own Galaxy would affect also the smooth component of Cygnus A. The limit, however, agrees reasonably well with the estimate for the 'dust lane' of E(B¹V) ¼ ϳ0.4 derived by Shaw & Tadhunter (1994) from emission-line ratios.
Assuming a Galactic dust-to-gas ratio (Bohlin, Savage & Drake 1978) , this implies a gas column number density of NðHÞ ¼ 3 × 10 21 atom cm ¹2 , corresponding to a gas mass of 2:2 × 10 7 M ᭪ .
Distribution of extinction: dust lane?
Many authors have suggested that the distribution of extinction in Cygnus A is the result of a dust lane, similar to those seen in Centaurus A (Baade & Minkowski 1954) and in other more powerful radio galaxies. Recent examples include 3C 270 (Mahabal et al. 1996) , and in a large HST survey of 0.1< z < 0:5 radio galaxies, de Koff et al. (1996) find many dust features including dust lanes in the central ϳ1 kpc. Frequent associations with disturbed morphologies and tidal tails lead de Koff et al. to suggest a merger origin for the optical structure. The three-colour continuum images allow investigation of the reddening distribution across the central region. Unfortunately, it is difficult to disentangle the reddening from the unknown emission distribution, and this problem has already allowed only lower limits on E(B¹V) to be derived. The major reddening occurs along a NE-SW line running between the nuclear component and the northwestern component. Less intense reddening occurs along a parallel line, south of the nucleus. These two regions correspond exactly to the dust lanes identified by Stockton et al. (1994, their fig. 3 ). The HST pictures reinforce the impression that the reddening is patchy. Stockton et al. (1994) suggested that the structure of the central regions could be interpreted as a 'mini-spiral' system, associated with a merger. They proposed that a secondary infrared component seen 1.3 arcsec north of the nucleus is, in fact, the nucleus of a merging companion, and that the dust lanes lie along the edges of mini-'spiral arms'. The new data provide some support to the hypothesis, as most of the blue condensations lie in the places proposed by Stockton et al. as the sites of star formation, and condensations 6-8, though some distance away from the major emission components, lie around the edge of the northern dust lane.
Line ratios
The line ratios provide evidence in support of the ionization-cone model discussed earlier. A similar attempt to derive ionization parameter variations has been made using the [O iii]/[O ii] ratio (Fig. 11) , but this is difficult due to the low signal-to-noise ratio in the [O ii] image. The ionization state appears highest in the central and north-western components.
C O N C L U S I O N S
We have presented new HST images of the prototypical powerful radio galaxy Cygnus A. We amplify recent spectropolarimetry results by localizing the blue continuum emission associated with the polarized optical component seen by Ogle et al. (1997) . We also localize blue, condensed clumps of forming young stars, which are a considerable distance from the radio jet and therefore not due to direct jet-induced star formation. The gas which forms the stars is likely to have come either from the cooling flow in which Cygnus A is embedded or from a merger. Formation activity must have been occurring considerably less than 10 9 yr ago. New astrometry has enabled us to pin down the position of the optical nucleus with respect to the radio core and line images to confirm earlier results about the ionization gradients across the source. The structure of the continuum and line emission provides the clearest example yet of cone-like structure in a powerful radio galaxy, which is particularly noticeable in the emission-line images.
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